Introduction
When using cardiotocography (CTG) to monitor the fetus during labor, the obstetrician is confronted time and again with the question as to whether or not the CTG alone is sufficient to adequately determine the status of the fetus, or whether a fetal blood analysis (FBA) should be run as a double-check on the CTG findings.
Up to the present, there are no standard, generally accepted guidelines for this problem. There is no general consensus on this topic in German language textbooks on obstetrics, and there are divergent opinions as to following the procedure whereby the decision to run a FBA is made subsequent to the assessment from the CTG results [2, 5, 9] . Only recently were new FIGO guidelines for the use of fetal monitoring published [8] . A work by GÖSCHEN [2] is concerned with the value of the CTG evaluation according to HAM-MACHER and that of the FBA, and he shows that there is no particularly good correlation between the CTG score and the pH value. The HAMMACHER score is nevertheless still recommended for the sub partu CTG evaluation; the FBA should be used additionally in order to avoid unnecessary, overhasty decisions for operative deliveries. The classical CTG signs of fetal distress -late deceleration, bradycardia, e.g. -were not often associated with acidosis in GÖSCHEN'S work. This, however, stands in contradiction to other works which have reported such a connection, based on qualitative CTG evaluations [6] .
It is generally accepted that a normal CTG picture indicates a normal acid-base status in the fetus, while an abnormal CTG either indicates that the fetus is in danger or is an expression of a physiological variation which is related to a pathological heart rate pattern.
We analyzed results from our own patients to investigate the relationship between various CTG patterns and FBA values. To make these results comparable with those from other studies, the HAMMACHER score was used for the CTG evaluation.
Materials and methods
For this retrospective study, 200 women with singleton pregnancies were chosen; all were at the University Hospital in Zurich and all were monitored by CTG and, when indicated by the CTG findings, by micro blood sampling. Of the 200 patients, seven (3.5%) were under 20 years of age, 50 (25%) were between 20 and 24 years, 60 (30%) were between 25 and 29 years, 58 (29%) were between 30 and 34 years, 23 (11.5%) were between 35 and 39, and two (1%) were over 40 years of age. There were 138 (69%) who were primipara, 44 (22%) para II, 13 (6.5%) para III, three (1.5%) para IV and two (1%) para V.
Gestational age at birth varied from just under 28 gestational weeks (GW) to over 42 GW, with the majority (56%) between the 40th and 42nd GW. Most were born spontaneously (59%), but there was also a considerable number of deliveries which were either assisted (by forceps or vacuum extraction) or Cesarean sections. The blood sample was obtained by a capillary tube with a central heparin thread after the usual incision had been made. The analysis of the blood gas acid-base composition was performed by a Micro Autocal pH Blood Gas Analyzer 613 from Instrumentation Laboratory, USA.
Immediately after delivery, the cord was clamped and blood was taken from the umbilical artery; the sample was transported in a glass capillary tube and analysed in the (same) blood gas analyzer. The adaptation of each newborn during the first 10 minutes of life is routinely checked in our clinic using the APGAR scores. The data obtained were arranged and analyzed with the help of a special program developed in our clinic for the representation and evaluation of clinical data [7] .
The validity of the CTG score with respect to the range in which the pH value obtained from the micro blood sample was expected to lie was statistically tested and evaluated. Sensitivity, specificity, predictive value for positive and negative test results and efficiency were calculated [1] . To correct the positive predictive value, an incidence of a low micro-blood sample pH value of 5% was assumed.
Results
In 86% of the 306 FBA evaluations which were clinically indicated, the retrospective analysis according to HAMMACHER showed a CTG score which was, with three or more points, at least suspect (see table I ). In 27% of the measurements there was a prepathologic CTG (score 5 -7), and in only 1% a pathologic CTG (score 8-12). The use of opiates in the group with normal and suspect findings was, with 35%, higher than either in the group with prepathologic CTG patterns (28%) or in the group with pathologic CTG patterns (just one of the four patients). Most of the FBA pH values were in the normal range -i.e., 85% with a pH equal to or above 7.25. Eleven percent had reduced pH values between 7.25 and 7.20, and only 3% were found to be in the pre-acidotic or acidotic range under 7.20 (table II) . A comparison of the CTG scores and the FBA pH values shows that in no case with a normal CTG score (0 -2) was there a pH value under 7.20, whereas 3% with a suspect CTG score (3-4) and 6% with a prepathologic score (5 -7) had pH values below 7.20. None of the four patients with a pathologic CTG score in our study had a pH value below 7.20 (table III) .
APGAR score of at least seven. In only one of the acidotic infants was there no "warning signal" -i.e. no abnormal score -from the CTG in the time just preceding birth; one other had a "suspect" score of three, two had a score of four, and for the other five acidotic infants, the acidotic tendency was indicated within 30 minutes prior to birth by a rise in the HAMMACHER score to five or more points (table IV) . Studying the statistical results (table V) , we see that during delivery the CTG (as assessed by HAMMACHER's scores) in relation to the FBA pH value is very sensitive (1.0) -a reduced pH value is always associated with Of the 10 FBA pH values under 7.20, five occurred with a suspect CTG score of 3-4 and the other five with a prepathologic score of 5 -7 (table III) . If a pH value under 7.20 was determined, as was the case in six patients, obstetric intervention was chosen, the type dependent upon the stage of labor: three times a Cesarean section, three times an operatively assisted vaginal delivery. None of these patients had received opiates.
Of the 200 infants born in the course of the study, 25 (12.5%) had an umbilical arterial pH value under 7.20, and in nine of these (4.5%) the value was less than 7.15. None had a value lower than 7.04, however, and all newborns had a 10-minute an elevated CTG score -yet not very specific (0.135), since higher CTG scores were usually associated with a normal pH value. This becomes especially clear in the predictive value of the CTG for low pH (0.037 uncorrected; 0.057 corrected). On the other hand, the high sensitivity is expressed by the predictive value of 1.0 for a normal pH value. Taken together, there is an efficiency quota of only 0.16 (16%).
Discussion
The still open question as to whether or not it is necessary to run FBAs with the current standard of technology available with cardiotocography can not be answered easily. GÖSCHEN ran a study in 1984 [2] which showed no particularly good correlation between CTG scores and FBA pH values, yet he came to the conclusion that by not performing a FBA, one risks either performing an unnecessary operative intervention or not detecting a fetal acidosis.
HAMMACHER is of another opinion, feeling that the FBA itself poses an additional risk to the fetus, and without producing the desired clinical result [3] . The figures in our study, however, seem to support GÖSCHEN'S thesis.
Since the CTG is very sensitive but not specific in relation to fetal pH values, it has to be validated by a FBA. This means that while a normal CTG can nearly always be a safe and sure sign that the fetus is not acidotic, a suspect or prepathologic CTG finding during the birth process defines a risk group in which only about 4% of the fetuses will have a pH value less than 7.20. The FBA is thus an additional test to help determine the validity of the highly sensitive yet relatively unspecific CTG in these individual cases.
Conclusions
In summary, it should again be pointed out that there is only a small incidence of low FBA pH values, and that while the CTG does indeed not miss any of the cases with acidosis or pre-acidosis, it is so unspecific that the "success rate" of identification is scarcely 4%. When there is suspicion of fetal compromise based on CTG findings, an additional test such as the FBA should be used to either confirm or refute these suspicions.
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